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1. INTRODt CTION 

Spacecraft surfaces — or portions thereof - are often made of highly resistive 
dielectric material. During part of its orbit, a spacecraft assumes configurations 
Where a section of the siirfate is sunlit and the rest is in darkness. Moreover, as 
the orbit progresses, this sunlight -Shadow configuration changes, causing the sun- 
lit area to expand or contract. These effects can give rise to special photoelectric 
charging circumstances. 

In this paper, we outline some of these circumstances. Some applications of 
these circumstances to the problem of photoelectric charging of localized sdnllt 
patches in the dark Sunset terminator region of the MObn has been discussed else- 
where. ^ In the following, we discuss charging due to the photoelectric effect 
alone. The presence of an ambient plaSma modifies the situation, but the Consid- 
erations discussed here still apply. However, the discussion of this paper is 
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limited to cases Vvhert the Spin period hf the Spacecrafts Is of the order of or 
lohger than the relevant tlme-scaleS that we define In Section 3. 




i. CIIARGE^^ARATION BETWEEN SUNLIT AND DARK AREAS 

Figure I is a sketch Of a partlaUy sunlit dielectric surface. FhotoeleCtrons 
emitted from the sunlit area can have three types of trajectories: Type A trajec- 
tory takes the electrons beyond a predefined limiting distance (sueh as a Debye- 
length) such that these electrons do not return to the sunlU area; Type B trajectory 
takes the electrons, to the dark area to locations where the electrons are retained 
due to the high resistivity of the dielectric material. Type A and Type B electrons 
are lost to the Stinlit area. Finally, Type C trajectory brings the electrons back 
to the Sunlit area without changing the net charge of the area. A steady state is 
attained when all emitted electrons assume Type C trajectories. 



Figure 1. The Three Possible Types of 
Photoelectron Trajectories; Type A ter- 
minates beyond a predefined limiting dls- 
tai.ce, Type B on the dark area, and Type 
C on the sunlit area 


A little consideration will show - as numerleai OOrtputatlons do indeed show^ - 
that the aooreted electrons on the dark area tend to concentrate near the edge of the 
sunlight -Shadow boundary (With the exception of the Case where a dark area is not 
contiguous With the sunlit area). \s we shall explain presently, the positive 
charges on the sunlit area also tend to concentrate near the sunlight -shadow bound- 
ary. This boundary thus represents a region of intense mUltipole electric fields. 


414 


I 


iJKi: iiKiiwuHi liK Tin: si mjt \ui:v 

Slne^ the phbtoemittlrtg ar6a is dielectric, t>ne would commonly assume that 
the positive charges on the area Are immobile. However, this assumption is likely 
to lead to erroneous results. The positive charges on a photoemlttirtg dielectric 
surface possess an effective mobility — which causes them to tend to achieve a 
surface density distribution, appropriate to a Conducting surface. This is an effect 
which does not readily emerge from the conventional treatment of the charging 
problem by solving the Poisson-Vlasov equations. This effect thus represents a 
shortcoming of the Poisson -Vlasov treatment. 

We present below a semiquantitative and heuristic argument to demonstrate 
the conductor -like behavior of a photoemittmg dielectric surface. A full analysis 
of the problem cannot be undertaken without reference to a specific surface geom- 
etry with a specified photon and particle environment. 

Consider for simplicity a flat sunlit dielectric surface of finite extent in space. 
For the moment we ignore the presence of any ambient-plasma. Let N(c) dc 
represent the flux of the emitted electrons in the energy range c to c + d^^ , and let 
be the highest effective energy of the emitted electrons. In the steady state, 
all emitted electrons return to the Surface (that is, they execute Type C trajec- 
tories) and there is a steady charge density of n positive charges per unit area at 
any point ofl the j^urface. Under the assumption of Charge immobility, this charge 
density has the same value over the entire surface. 

The uniformity of the charge density over the entire surface glve^ use to art 
electric field component parallel to the surface at any point on the surface. 

Tills field influences the Type C trajectories in such a way that the positive charges 
on the surface appear to be shifting in the direction of so as to annul this field. 
The positive surface charges thus haVe an effective mobility which tends to prevent 
the development of a parallel electric field component. The result is that the sur- 
face charge distribution tends to resemble that on a conducting surface and hence 
the dielectric surface tends to be equlpotentlal. The present effect, however, is 
better not described in terms of a conduetivlty, since the surface charges are 
constrained to moVe in iwo-dlmenslbns. 

We need, however, to examine the rate at which the redistribution of surface 
charges takes place in order to determine if this effect is indeed important. The 
criterion for the effect to be important Is that the time-scale for surface charge 
redistribution be smaller than or of the order of the time -scale over which the sur- 
face charge density n is established^ The latter time-scale has a loiver limit 
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but Is aliiiost certainly larger than this value. 

To llluatnate the effective mobility, u^e make the fallowing simplifying 
assumption: We assume that a typical value characterizing the entire surface 
has a constant value to a height h above the surfaee and vanishes above this height. 
An electron of energy c typically spends a lime t ~ h ^m/c in this field... During 
this time, the electron has its trajectory altered (from that in absence of a parallel 
electric field component) so that it is displaced through a distance Ar ~ h^ e E||/f 
In the direction antiparallel to E|| as Shown in Figure 2 (e = electronic charge). 

This displacement is equivalent to that of a positive surface charge through a dis- 
tance Ar in the opposite direction. 



Figure 2. The Dotted Line Repre- 
sents Trajectory of a Photoelectron 
Returning to the Runllt Area in 
Absence of an Electric Field Compo- 
nent Parallel to the Surface at the 
Surface. When such a field compo- 
nent Ei| is present, the trajectory is 
alterea and Is represented by the 
solid line. The result Is a displace- 
ment of the electron through a distance 
Ar antiparallel to E||. This is equiva- 
lent to a displacement of a positive 
surface charge through a distance Ar 
parallel to £|| - tending to counteract 
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value of /if averaged over all eleCtroA energies tnay be found from 


N(c) t dc 


(Ar) - h^e E,,-^ 


N(t) dc 


However. rtgardUs, otHo» (Ar) is oalculalsd, the rate at which the surface 
charges move across a untt length perpendicular to E„ Is approximately 


N(e) d€ 


An upper 


limit to the charge distribution time-scale is now given by 


' “'n 


our approximate analysis thus shows that and (the low^ Umlt) are of the 
same order, showing that the effefct that we suggest is significant. 

Onee the surface has achieved a steady state with a conductor-like charge 
distribution, the surface charges remain in a steady state of flux and the photo- 
electrons return to such locations on the Surface that the charge distribution 
remains lUichanged subsequently. 

If the sunlit portion of the surface is partly dielectric and partly conducting, 
then the above effect suggests that the conductor-dielectric boundary would not 
represent as sharp a Conductivity discontinuity as one would normally assume 
The Type C tnjsetories would cause the surface charges to migrate across the 

conductor-dielectric boundary at a nontrivial rate. 

The conductOf-like charge distribution on the sunlit area implies a concen- 
tratlbn of positive charges near the sunlight -shadow boundary - as mentioned 

earlier. 
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4 . tlUNUK IN mtENTlM. Of T«K S 1 INI.it AUtA AT BSTANSUIN OB.aWIMIlON 

the ateadv state established with 

rate at which the eapaiialon or the “J oharec, total sunlit area 

4.01 ♦. a, B anu C he the ehaeg. 

and the capaeltancc o! this area reap c ai^rtace. Then the development 

dene-t,. Which U a Mnetlon oT ae 

ot the potential with changing area may Be eapreased 


% 


Q dC * L J. 

’ ~ Z2 dA C dA 


[=i®t^i] 


(5) 


Elemental .lUf face area and where the summation extends 
where ^4 repreaeWa an ^ ,ipe ot this e,«atlon 

over the entire sunlit area. Th „ha„tfA m capacitance of the sunlit 

.imply gtvea the change in Ho ohadge tn the net 

area, the second term gives 8 the loss oV gain of area, 

charge of the ^ [Tlosing phbtoelectrons to newly shadowed posl- 

and ( 2 ) the fchange m net charge l^ J P from freshly 

tlveiy charged portions of the surface o y g ^ 5 ) the devel- 

onnened negatively charged darh portt.^ ll^ri area ml I ««-■* -y 
opmcnl ot potential ot a contracting or xp elaewherc an example ot 

ing numerical simulation methods. We have presentea 

such a method. area Increases or decreases 

Whether the potentul ot a contracting or deeld- 

wlth time depends on how the various terms n U. getermlnCs the 

in, tactor u the Pate ot contraction or exp^slon - 

"itTirpl'lethm ^ htcreaa. with time, caualng 


a ’’Sill 


inerchargbig" Of the sunlit ai?ea. 


5. CENen/a- CONCLUSIONS 

The tBllewlng gencr- conclusions tor 

. dj^rr:r:h:::;:grirrrr- - - - •' — 

niuitipole eleOtrlc fields. 
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(2) Charges on a sunlit diolcctric surfaefc have a finite effective mobility. 

'^he charge distribution tends to resemble that orl a conducting surface. 

(3) A boundary between a conducting and a dielectric surface may not repre- 
sent a conductivity discontinuity iVhen this boundary is sunlit. Charges may I 

migrate at a nontrivial rate across the boundary. ' 

(4) A contracting or expanding sunlit area may experience a "supercharging." 

The presence of an ambient plasma will modify these conclusions to an extent 

depending on the parameters of the plasma medium and the strength of the radia- 
tion field. 


Acknowled gme nts 

We thank Dr. Elden C. Whipple for helpful discussions. This work was sup- 
ported by the National Aeronautics and Space Administration under Contract No. 
NSG 7 111. 


References 

B. R. , and Criswell, D. R. (197t) intense localized photoelectric charging 
in the lunar sunset terminator region, Part I: Development of potentials and 
fields, to appear in J. Geophys. Res. .. 82, 999. 

2. Criswell, D. R., and De, B. R. (1977) Ritense localized photoelectric charging 
in the lunar sunset terminator region. Part 11: Supercharging at the progres- 
sion of sUhset, to appear in J. Geophys. Res., 82, lOOs. 


